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步制备了聚甲基丙烯酸包覆的 Ag2-Ag8 纳米簇，通过调控反应温度、pH 值 、
时间、原料配比等参数得到了具有荧光的银纳米簇。






所得银纳米簇无需处理即可作为荧光探针检测 Cu2+，线性范围为 0 ~8.0 µM，
该方法检出限为 0.4 µM，线性相关系数为 0.9994。氨基酸和多肽小分子中由
于形成 Ag-S 键，谷胱甘肽（GSH）对银纳米簇具有较强的荧光焠灭，并给
出了荧光强度变化和 GSH 浓度之间的定量关系，线性区间为 50 ~ 200 µM，
















Noble mental nanoclusters have received much attention owing to their novel
optica l and electronic properties. Reduction in size often does more than simply make
things smaller. There are many properties of materia ls that undergo qualitative, often
sudden, changes below a certain size scale. Researches point out that silver particles,
when their sizes decrease to comparable to the Fermi wavelength of an electron
(<0.5nm), the quantum effect becomes apparent and the silver nanoclusters start to
exhibit semiconductor electronic character ist ics. The band gap begins to evolve, and
luminescence will be observed under excitation.
Compared to traditiona l fluorescent labels , Ag nanoclusters have lots of
advantages. Dye molecules are limited by photobleaching. Semiconductor
nanocrystals, which have recently been introduced as labels, require toxic precursors
and should be prepared under inert atmosphere. On the contrary, the Ag nanoclusters
can be easily synthesized under mild conditions and show size-dependent emission.
As an appealing optica l label, Ag nanoclusters have great potentia l to be used in
imaging, biologica l labeling and chemica l sensor fields.
1. In this study, we report a new approach for the synthesis of fluorescent and water-
soluble nanoclusters (Ag2-8), using the common polyelectrolyte poly(methacrylic
acid) template without adding reduced agents by microwave heating method.
2. We also prepared 3 ~ 10 nm diameter of non-fluorescent silver nanoparticles by
prolonged the time of microwave heating. Herein, a self-assembly system with
the polyelectrolyte poly(methacrylic acid) has been built up. For the first time, we
developed a practica l approach for assembling silver nanoparticles into well-
defined arrays. The mechanism was discussed prelimina rily: Ag+ binds tightly to
the carboxylate groups of the poly(methacrylic acid) chains, this interact ion
neutralizes the polyanions to a large extent, which leads to a collapse of the
hydrophobic polyelectrolyte chains and forms necklace-like structure. Ag particles
assembling into well-defined 1D and 2D arrays.














invest igated. Trace amount of copper (II) and glutathione (GSH) can be select ively
detected in HEPS buffer with fluorescent Ag nanoclusters. The minima l detection
limit of Cu2+ is 0.4 µM and the linear range of detection is 0 ~ 8.0 µM. The
minima l detection limit of glutathione (GSH) is 38.0 µM and the linear range of
detection is 50 µM ~ 200 µM.
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几个原子到几百上千个原子)的尺寸范围。但是通常把 1～100 nm 的纳米体系当










“纳米”是一个长度单位，1 纳米是 1 米的十亿分之一 (1nm=10 -9m) 。纳米科























质不同的热学性质称为 Kubo 效应。1963 年 Uyed 及其合作者采用气体冷凝法获


















































































Fig 1.1 Carton of fluorescence emission of different sized quantum dots
1.3.2半导体量子点的发光机制及尺寸效应




半导体宏观上的一 个特征就是在它的价带 (Valence band) 和导带
(Conduction band) 之间存在一个带隙 (Band gap) (图 1.2)。这些带因为晶格之间
的原子而确实是连续分布的分子轨道。每一条价带含有一对价电子（因此才称为
价带），而来自于每个原子的一个电子形成了一个共价带，这些带因此都是全充
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其中，Eg 为体相带隙，µ为电子、空穴的折合质量， 为量子点材料的介电ε
常数，R 为粒子的半径，第二项为量子点受限项，第三项为库仑项。E(R)也就是
最低激发态能量，E(R)与 Eg 之差为动能的增加量（ ）。从式中可以看出，量E∆
子点受限项与 1/R2 成正比，而库仑势与 1/R 成正比，都随着 R 的减小而增大。
图 1.2 量子点尺寸限域效应
































































数)标志的壳层结构，其简并度为 2 (2l + 1)。与原子轨道相似，l = 0、 1、2、3、
4、5．．．分别对应原子簇的 1s、1p、1d、 2s、1f、 2p ．．．轨道，对应的满壳



































尽管贵金属 Ag 和 Au 纳米粒子的光学性质具有明显的尺寸效应，但金属的
电子带结构与粒径大小关系甚微。对于粒径大于 2 nm 的金属纳米粒子，其能级
分布是连续的，其导带被自由电子占据。由于态密度较大，结果使得量子态的能
量间隙非常小，而由导带上的自由电子产生纳米粒子的等离子共振吸收，吸收谱
变化与自由电子数目有关[22]。Schmid [23,24]等在溶剂相中制备了 Au11、 Au13、Au55
纳米簇，其中有趣的是 Au13、Au55 具有相当高的化学稳定性，这主要与它的立
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